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ORGANIC electro-luminescent DEVICE. MANUFACTURING METHOD 
FOR THE SAME, and ELECTRONIC EQUIPMENT 


background OF THE INVENnON 


Field of the Invention 


The present invention relates to an organic electro-luminescent device provided 
v^^ectric light emitting elements used for displays, and display Kght sources, and 
th©^, a manufecthring method for the same, and electronic equipment 




^^ecentlyijhe development of light emitting elements 


Using organic materials 


for spontaneous light emitting-type di^Iays in place of liquid crystal displays 
proceeding at a rapid pace. With respect to an organic electro-luminescent device 
equipped w^ ^^ ht component using an organic material in the Hgjit emitting 

la>^, a^ethod for forming a low molecular weight layer using an evaporation process 
XSsclosed from page 913 in Appl. Phys. Lett. 51 (12), 21 September 198:J^, and a 
method for coating a large molecular weight layer t<Sstiosed from page 34 of Appl. 
Phys. Lett 71 (1), July 1997|^ acft^Wipoiiy i^-tryy. 

In the case of using a low molecular weight material OB ' a mannkJ or coloring, a 
light emittmg material differing from that of mask lifting is vapor deposited and formed 
onto the desired image. On the other hand, in the case of a large molecular weight 
material, much attention is being placed on performing the coloring using an ink jet 
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method, due to refinement and ease with which the p^en^ can be accomplished, 
•n^fcllov^^g 

electro-lnmin^Sf component by mean^suchan inkjet method: Japanese Patent 
Application, First Publication No. Hei 7-235378, Japanese Patent Application, First 
Publication No. Hei 10-12377, Japanese Patent Application, First Publication No. Hei 
10-153967, Japanese Patent Application, First Publication No. Hei 11-40358, Japanese 
Patent Application, First Publication No. Hei 11-54270, and Japanese Patent 
Application, First Publication No. Hei 11-339957 


^ imprQV ^^ightVmittiDe efficiency and durability, the formation of ^ 

mjectionAran^ort layer between the^llch^e.antTlight emitting layer is widely 
performed disclosed from page 913 in Appl. Phys. Lett 51 (12). 21 September 198:5(.J^ 
HiAerta^^rmation of a layer has been performed l,^m«« 5 ^ting pmceg^Ias 
spin coating or the like, using a conductive macromolecule as the buffer layer and/or 
hole injection/transpbrt layer, e.g., a polythiophene derivative and/or polyaniline 
derivative (Nature, 357, 477, 1992). ^Vrth respect to a low molecular material, 

fonnaioa Ofalayerusinsaphcnjlaminederivaive. 

layer.^ Jjy magui. u^ ^i^poratjop has been reported. 

The aforementioned inkjet methods are extremely effectivei»* 4 i»«» 8 '^ 
simply forming a ® pattern without wasting the light emitting layer 

mater ^^wttpriaiag^e o tgmiic^elfectro-luniinescent material. 

When forming a light emitting layer electro-luminescent 

material accordmgto aatokjatni^od. a/^^SToni^Llovad 
aotaa and aolvant. »h«nin d.e afonnnenUnned aolpK 


PAGE 35/67 * RCVD AT 2/19/2004 3:53:02 PM [Eastern Standard Time] * SVR:USPT0£FXRF-1/6 * DNIS:8729306 ‘ CSID:703 836 2787 * DURATION (mm-ss):15-54 


02/19/2004 15:59 FAX 703 836 2787 


OLIFF & BERRIDGE. PLC 


0036 


luminescent material. 

^ composition, it is possible to use a coiq^sition 

/ compri gj^jily-off^e electm-luniinescentmaf^al.^^esr, 

compositio n of organic electro-luminescent materials are more 

widely user^or example^ym^^e^xi^ a light emitting material and a 
fluorescent material, it is possible to change the light Uluminatcd from the 
aforementioned light emitting material to a light having a different wavelength due to 
the presence of the aforementioned fluorescent material. 

of a plurality of organic electro-luminescent 
manials^^et to obtain the desired tight characteristics, it is necessary to form a 
layer in a state in which each of the aforementioned organic electro-luminescent 
materials is uniformly mixed without separation therefrom. 

However, the droplets used m the formation of a thin layer according to the ink 
jet method are extremely smaU, and the ev^oration time is short As a result, the 
solvent molecules that are evaporated from the droplets are saturated prior to being 
ufQciently dispersed from the substrate area, such that even the resultant tliin layer is 
re^ssolved. Furthermore, at the time of re-dissolving the aforementioned, the 
respective organic electro-luminescent materials phase separate from each other, which 
in turn results in problems, such as degradation of the performance characteristics of the 
organic electro-luminescent device. 


SUMM^Y OF THE INVENTtON 
The present invention whs mado j 


object of the present invention is to provide a manufacturing method, capable of 
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forming a homogeneous luminescent layer whichi^ause^p^e separation during 
formation by the ink-jet method, and which is also capable of providing organic electro 
luminescence devices having superior display properties. Ih addition to the 
manufacturing method, an object of the present invention is to provide organic electro¬ 
luminescence devices having homogeneous luminescenTl^yers and also havinTsuperior 
display properties. An otyect of the present in^ntion^^ inelWp^d^p^ll^r^ 
equipment provided with the present organic elec&o^mninesCeafd^dc^ 

aspect of the present invention provides a manufecturing method for an 
orgamc electro-luminescent devic<^^^^^^of^fon„ing Ught emitting layers 
by discharging above a substrate at least two compositip^ch including at least one 
organic electro-luminescent material, 


^ order of discharging sa^ompositions above the substrate starting with a 
composition which has the fewest number of organic electro-luminescent materials. 

observed that problem^f the phase separation occur more easily with 
compositio^^^ca«^igja4«'laigefmimber of organic electro-luminescent material^ and 
thus in the discharge formation of a layer, those compositions compriai^al^-^"*^ 
number of oigamc electro-luminescent materials are processed after the compositions 
comprising a fewer number of orgamc electro-luminescent materials/A^Sel^e 
aforementioned phase separation due to r^sol^on following completion of the 
discharge formation of the film caiv b^ven t^. and an organic electro-luminescence 
device possessing superior display properties can be reliably manufactured. 

^cc'^ing to a second aspect of the present invention, thTmanufactuiing method 
for an orgamc electro-luminescent device c«^ri^ the steps of forming Ught emitting 
layers by dischargi^bove a substratera^ least two comnositions^h inclnH,r,o 


compositioj^ejich including at least 
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one organic electro-luminescent material, j 

r --— 

^jlWien discharging compositions which the same number of organic 
electro-luminescent materials, the order of discharging said compositions above the 
substrate starting with a composition which is most difficult to be phase separated after 
the layer is formed. 

According to the present invention, the organic electro-luminescent 
composition, which is liable to be phase separated after the film fonnation, is discharge 
formed after the discharge fonnation of the other organic electro-luminescent 
composition, which is difficult to be phase separated. Thus, it becomes possible to 
thereby prevent the phase separation due to re-dissolution after the discharge formation, 
which results in making It possible to provide a manufacturing method of organic 
electro-luminescent devices having superior display properties. 


A third aspect of the present invention provides a manufacturing method for the 
orgamc electro-luminescent device, 


during two continuous cycles ^^^scharging said compositions, the subsequent 
discharge of a composition beio^Jpeferably performed alter the droplets of the 
composition discharged in a first cycle are dried. 

According to a fourth aspect of the present invention, the 
method for an organic electro-luminescent devic^empris^ the stgis^orming said:^!^ 
light emitting layer after forming steps of a plurality of first electrodes corre^onding to 
a plurahty of pixel regions, a bank layer fijjf partitionhtg said pii^ity of pixel regions,/a^*^^ 
mjection/tiansport layer on said electrodes on said first electrode, 

tmd/the forming process further cempriS^ the step of fpnhing a second electrode on the 
light emitting layer. 
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banks makes it possible to perform the discharge formation of a 
layer by completely separating the two or more ink compositions into separate pixel 
regions. As a result, it is possible to easily maintain the independence of each light 
emittmg layer, and thereby obtain an organic electro^luminescent device having 
supenor 3 hole injection/Wisport layer is provi ded 

both a high luminescent efficiency and impro^ durability-ean^e- 


■ aohievod fc 


Furthennore, the counter elcctrodis^Q 


image electrode is anode, and 
electrode is cntborj^. 




lode in the case when the 


le electrode in the case wiien the image 


The organic electro-himinesceat device of the present invention is obtained by 
an aforementioned method for manufacttuing an organic electro¬ 
luminescent device according to the present invention. It is possible to obtain an 

organic electro-luminescent device having a unifoim light emitting layer and superior ■ 
display properties. 

The present invention also provides an electronic equipment provided with an 
organic electro-luminescent device produced by the above manufacturing^process. 

According to the present invention, it is possible 
equipment that is equipped with a display apparatus having superior display properties. 


BRIEF DESCRIPTIQN OF THE DRAWINGS 

Fig. 1 is a c^gi^itional view showing a process of a manufacturing method 

for manufacturing an organic electro-luminescent device according to an embodiment of 
the present inventioi^ 
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Fig. 2 IS a ci^^Sional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 


the present inventioi^ 

Fig. 3 13 a (^roSJ^onal view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^' 

Fig. 4 is a c^^^onal view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 

Fig. 5 IS a c^^^tional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 

Fig. 6 IS a crgs?^^onal view showing a process of a manufacturing method 

for manufacturing an orgamc electro-luminescent device according to an embodiment of 
the present inventiouj 

Fig. 7 is a cri^s^Srtional view showing a process of a manufacturing method 
for manufacturing an orgamc electro-luminescent device according to an embodiment of 
the present invention* 

Fig. 8 IS a c^os^itional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 


the present inventionj 







i^A an<( ^B sbo4^ U^tgBMttjrTg spectra of a green light emitting layer 
comparative example of the present 
light emitting spectrum of a comparative examplj 
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8 


light emitting spectrum of an exainpler^"^''*’*^ 



A, lOB and IOC Sre-per^ective views showing electronic equipment 
equipped with an organic electro-luminescent device manufactured according to a 
manufectuiing method of the present invention. 






13 »> ' 




DETAILED DESCRJPTION^F THE INVENTTON 
In the following, a manufacturing method for manufecturing an organic 
electro-luminescent device according to the present invention will be described with 
reference to Figs. 1—7. 

The manufacturing method according to the present embodin ^nt mm pi^ i 
bank formation process; a plasma treatment prpeess; aj(/htf^^n/transport layer 
formation process; a surface reforming process'rh Hghr emi^^g layer formation process; 
a cathode formation process; and a sealing process. 

As ^°^^Fig<^ording to the aforementioned bank formation process, 
bank layers 12 /^ipai^o^pixel region are foim^d^^e^^^uentially 
layrtlWfflHmaSSi; subsanw ba* organic subsUnce bade layer 12b on 

.transperent eiccirodc .,hich ir fonned on . subrWK 10 

onto which TFT or the like (not shown in the Figures) has been pre-provided when 
necessary, 

Jle aforementioned inorganic substance bank layer 12a may be formed by 
ig an inorganic layer of SiO^. TiOz. SiN. and the like on the entire 
surface of the substrate 10 and transparent electrode 11 according to. for example, a 
eVD process, a spattering process, an evaporation process, or the like; patterning the 
aforementioned inorganic layer using etching or the like; and then providing an opening 
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13a in the aforementioned transparent electrode 11. However, at this time, the inoiganic 
substance bank layer 12a extends to the marginal areas of the transparent electrode H. 

z' Note th^^^,iayer thickness of the aforementioned inorganic substance bank 

layw 12als^eferably in the range of50 - 200 nm, with a value of 150 nm being 
particularly preferred. 

Subsequently, an organic substance bank layer 12b is formed on the entire 
surface of the substrate 10, transparent electrode 11, and inorganic substance bank layer 
12 a. 


In addition, the organic substance bank layer 12b is formed by first dissolving e 
standard resist, e.g., acrylic resin, polyimide resin, or the like, in a solvent, and then 
coating this soluti ^ybSr'^^^rf ^^ coating, dip coating, or the like. 

The orgaiuc substance bank layer 12b is then etcl ^ed'^f'meeafl^g ^^ 
photolithography technique or the like to provide an opening 13b. This opening 13h of 
the aforementioned organic substance bank layer 12b is preferably fSzmedf^^^ 
larger than the opening 13a of the inorganic substance bank layer 12a. In this manner, 
an opening 13 which opens through both the inoiganic substance bank layer 12a and 
orgamc substance bank layer 12b is formed above the transparent electrode 11. 

shape of this opening 13 is not particularly important 
oval, square, or stripe. However, in the case of a square or 
the like, due to the surface tension of the ink composition, it is preferable to round out 
the comers thereof. 


Subsequently, in the plasma treatment process, a region of ink afimity and an 
ink repellent region are formed on the surface of the bank member 12. 

This plasma treatment process is divided into a pre-heating process, an ink 
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to the entire surface, an ink repeUent process 
-feartn^ci^e organic substance bank layer 12b ink repellent, and a cooling process. 

In the pre-heating process, the substrate 10 including the bank member 12 is 
heated to a predetermined temperature. This heating is perfomied,bym^^[> 
installing a heater, for example, at a stage in -which the substrate 10 is loaded within the 
plasma treatment chamber, and heating the substrate 10 to 70 to 80"C, for example. 
Using this heater at the desired stage. 

. ^By ^^^ ^P^orming this pre-heating process, even in the case when the 
plasma treatment is conducted continuously on a plurality of substrates, it is possible to 
achieve almost constant plasma treatment conditions fiom immediately after 
commencmg the treatment to immediately prior to terniinating the treatment. As a 
result, it is possible to impart a uniform affinity with respect to the composition ink of 
the bank portions 12 between substrates 10, which in turn allows for the manufacture of 
a display apparatus having a constant product quality. 

In addition, the substrate 10 is pre-beated beforehand, and thus the processing 
time for the subsequent plasma treatment can also be shortened. 

In the aforementioned praeg^^ft^part^jJ affinity, a plasma treatment 
(O 2 plasma treatment) is performed-rnwhicffOTcy^ in the atmospheric air is used as 
the reactive gas. SpecificaUy. the substrate 10 including the bank members 12 is placed 

onto a test stage withm the mterior of a heater, and oxygen in a plasma state is irradiated 
thereon. 

This O 2 plasma treatment may be performed under the conditions of a plasma 
power of 100 to 800 kW, an oxygen gas flow of 50 to 100 cc/min, a substrate transport 
speed of 0.5 to 10 mm/sec, and a substrate temperature of 70 to 90“C. Furthermore, the 
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heating performed according to this test stage is conducted mainly to maintain the 
temperature of the pre-heated substrate 10 . 

meMia^a f this O2 pjasiha treatment, hvdroxvl erouns are introduced in 


this^ 2 _pl^^* 3 . treatment, hydroxyl groups are introduced in the 
exposed $ur&ce$ of the transparent electrode 11 and inorganic substance bank layer 12 a, 
and on the entire surface of the organic substance bank layer 12 b, thereby imparting the 
aforementioned with ink afifimty properties. 

Subsequently, in the aforementioned ptjdcess fm impart^gjdv repellent 
properties, a plasma treatment (CF 4 plasma treatnimifyi^performed in the atmospheric 
air wherein tetrafluoromethane (tetra-fluoro-carbon) is used as the reactive gas. 

Specifically, the substrate 10 including the bank members 12 is placed onto a 
test stage within the intenor of a heater, and tetrafluoromethane in a plasma state is 
irradiated thereon. 

This CF 4 plasma treatment may be performed imder the conditions of a plasma 
power of 100 to 800 kW, a tetrafluoromethane gas flow of 50 to 100 cc/min, a substrate 
transport speed of 0.5 to 10 mm/sec, and a substrate temperature of 70 to 90“C. 
Furthermore, the heating performed according to this test stage is conducted mainly to 
maintain the temperature of the pre-heated substrate 10 , in the same manner as with the 
first plasma treatment chamber 52. 

Furtheimore, the reactive gas is not limited to only tetrafluoromethane, but 
other fluorocarbon gases may also be used. 

According to this CF 4 plasma treatment, ink repellent properties are imparted 
jby me^a^ Qinhoduemg fluorine groups into the organic substance bank layer, which 
displays an ink aflinity by means of the previous process. Hydroxyl groups of the 
oigamc substances such as acrylic resin and polyimide resin forming the 
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aforementioned organic substance bank layer 12 b are substituted easUy by the fluorine 
grou p^^Mc^^ gh-adiating a fluorocarbon in a plasma state so that they are imparted 
with the aforementioned ink repellent properties. 


On the other hand, the exposed surfaces of the transparent electrode 1 1 and^ 
inoTBttic tank Uyer 12a are slightly affe^by this CF. plasma 
the CF4 plasma treatment do^ noWSflfertf»fthe affinity. 


By cooling the subb^SSlo. which has been heated for the plasma treatment 
back, tojwm temperature or to a predeteimined temperature (a temperalpe 
exej^^^e ink jet process) in the subsequent cooling process, it is possible to execute 
formauon of the hole injection/transport layer at a constant temperature. As a result, it 
IS possible to continuously discharge the ink droplets at a constant volume, at the time 
of discharging the composition ink containing the^^er^^^nrt^^^ort layer 
material according to an ink jet method. In this manner, a unifoim hole 
injection/transpoTt layer can be formed. 

According to the aforementioned plasma treatment process, b £Tir-iiiii ii^ 
sequentially perfonning the aforementioned plasma treatment and CF4 plasma 
treatn^t with substance bank layer 12a and inorganic bank layer 

^ it is possible to easily provide both a region of ink 

affinity and an ink repeUent region in bank member 12 . L 

Subsequendy, m the ifi olejnjgefjbn/transport layer formation prot^s, a^ We 
mjechoxL^ansport^r^l^^onned^^mei^^scharging anink compositiori5 
containing the rfloleinjection/transport layer material fiom an opening 13 above the 
aforementonedTrtojimit electrode 11. and then drying and heat treating the 
aforementioned. 
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Furthfiimore, after forming the aforementioned hole injection/tmisport layer, it 
IS preferable to perform processes in an inert gas environment, such as that of a nitrogen 
atmosphere and/or argon atmosphere without water and oxyeen - . i 

As shown in Fig. 2, an ink composition 15 containm a the — 
injection/transport layer material is first filled into an inkjet head 14. the discharge 
nozzle of which faces an opening 13. While mutually moving this inkjet head 14 and 
the substrate 10, the ink composition 15, the Uquid amount per droplet of which is 
controlled, is then discharged onto the transparent electrode 11 fiom the aforementioned 


inkjet head 14. 



s the ink composition 15 n9ed4i«e, forex^i^^ie^ mixture of s 


polj^ophene denvs^^ucli as poljmhylene dioxyaiophene (PEDOT) or the like, and 
opolyatjTene auUdnale (PSS). whieh h«, been dia»alved in apolar solven. n^ be oaed./ 
The aforementioned polar solvent may include, for example, isopropyl alcohol (IPA), 
normal butanol, y -butyrolactone, N-methyl pyrolidone (NMP), l,3-dimethyl-2- 

imidazolidone (DMI), derivatives thereof and glycql ethei^ such as carbitol acetate, 
butylcarbitol acetate, and the like. 


^ examples of the ink composition 15 may include a composition 

weight of aPEDOT/PSS mixture (wherein the ratio of PEDOT 
to PSS is 1 to 20); 1,44% by weight of PSS; 10% by weight of IPA; 27.48% by weight 
of NMP; and 50% by weight of DMI. Furthennore, the viscosity of the ink composition 
IS preferably 2 to 20 Ps, and more preferably approximately 7 to 10 cPs. 

<^ 1 ^ 552 ^ 2 ^ the aforementioned ink composition, it is possible to 
perform stable discharge of the ink composition fi*om a discharge nozzle without 
plugging of the discharge nozzle of the ink jet head 14. 


PAGE 46/67 * RCVD AT 2/19/2004 3:63:02 PM [Eastern Standard Time] * SVR:U3PT0'EFXRF-1/6 ’ DNIS:8729306 ‘ CSID:703 836 2787 * DURATION (mm4S):15-64 



02/19/2004 16:01 FAi 703 836 2787 


OLIFF & BERRIDGE. PLC 


Moreover, with regard to the ma^rial 


V . 


ae holeJi^f 


layer 16, the same material may be used for each light emitting layer of B. 

Alternatively, these materials may also differ fiom each other as well. - -^ 

The discharged ink composition 15 then spreads onto the transparent electrode 
11 and the inorganic bank layer 12a of the opening 13. both of which have been 
imparted with ink a£5nity properties. In addition, even if the ink composition 15 fells 
out of the predetermined discharge position, and is discharged onto the organic 
substance bank layer 12b, this ink composition 15 faUs away fix>m the organic substance 

bank layer 12b and flows into an opening 13 without wetting the organic substance bank 
layer 12b. 

The discharge amount of the ink composition IS may be determined according 
to the size of the opening 13, thickness.^of the hole injection/transport layer 
concentration of the /hole injectioij/hfeisport layer in the ink composition 15, and the 


In addition, the discharge of the ink composition 15 to the opening 13 may be 
divided over several cycles instead of discharging all at once. In such a case, the 
discharge amount of the ink composition 15 may be identical each time, or alternatively 
may vary with each cycle. Furthermore, the ink composition is not necessarily 
discharged onto the same location within opening portions 13 every time, and the ink 
composition 15 may be discharged to^fferent locations within opening portion 13. 

Subsequently, a /haejpjepri^Wtiansport layer 16 is foimed, as shown in Fig. 3, 
thralsciiged ink composition 15, and evaporating the polar 
solvent Contained in the ink composition 15. 

The drying process, for ewample, may be performed at room temperature under 
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a pressure of approximately 133.3Pa (1 Torr) in nitrogen atmosphere. A pressure that is 
excessively low leads to clumping of the ink composition 15, and hence is not desirable. 
Furthermore, a small amount of the ink composition 15 remains on and adheres to the 
surrounding wall surface of the bank member 12. Thus, if the aforementioned drying 
temperature exceeds room temperature, the evaporation speed of the polar solvent is 


increased, which leads to an excessive amoimt of the ink composition 15 remaining on 
the aforementioned wall surfece. Accordingly, the aforementioned drying process is 


preferably performed at a temperature not to exceed room temperature. 

After the drying process, the polar solvent and water r emaining in the mole 
injection/transport layer 16 are preferably removed iby' moTOP -e^ ^at treating the 
aforementioned for approximately 10 minutes at 200“C in nitrogen, or preferably in 


5 *^ 


vacuum. 


In the aforementioned hole injection/transport layer formation process, the 
discharged ink composition 15 blends into the exposed sur&ce portions of the 
transparent electrode 11 and inorganic bank layer 12a, which exhibit ink affinity 
properties, while for the most part not adhering to the ink repellent, organic substance 
bank layer 12b. Therefore, even in the case vvlien the ink composition 15 is mistakenly 
discharged onto the aforementioned organic substance bank layer 12b, this inV 
composition IS falls away and flows onto the exposed surface portions of the 
transparent electrode 11 and inorganic bank layer 12a, both of which exhibits ink 
affinity properties. As a result, a hole injection/transport layer 16 can be reliably formed 
onto the aforementioned transparent electrode 11. 


Subsequently, a surface reforming process is performed prior to conducting'Se" 


light emitting layer forming process. In other words, in order to prevent the 
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mjection/transport layer 16 &oin being re-dissolved'w^le the light emitting 

layer, a non-polar and insoluble solvent to the«J^o^^h^cji< 




composition at the time of forming the light emitting layer, 

acd^tolelit 


uiyecjiofi/transport layer 16 is used 

with respect to the hole injection/transp^ layerT6, as the solvent for the ink 

However, on the other hand, the aforemention^ jtoiej t^^^dnAransprirt layer 
16 has a low affinity with the aforementioned non-polar solvent. Thus, even when the 
ink composition of the light emitting layer comprising the non-polar, solvent is 
discharged onto the aforementioned hole iryection/transpoit layer^^* t hnw; 

O . _ 

ink compos^on widl bgjpdpelled'V foc/holejnjeefiou/tiampt3fnayer 16, vdiich 





makes it impossible to adhere the light emittmg layer with the/’’^^^i^ctioii/transport 
layer 16, or alternatively makes it impossible to form unifoim coating of the light 
emitting layer. 

Hence, in order to increase the surface affinity of the aforementiqi^d.^ole' 
injection/transport layer 16 with the aforementioned non-polar solvent, it is preferable to 
perform a surface reforming process prior to the formation of the li^t emitting layer. 

In this surface reforming process, a solvent for use in surface reforming, which 
is identical or similar to the non-polar solvent of the ink composition used atfoelime of 
formmg the light emitting layer, is coated onto the aforementioiiedmole^---^' 


injection/tran^ort layer 
method, and dried thereon. 



inkjet method, spin coating method, or dip 


According to an inkjet method, the aforementioned coating is performed by 
( ||''''nwano o^ ^ling a solvent for use in surface reforming into an inkjet head, and then 
discharging this surface reforming solvent ont^the^^ole injeption/transport layer 16, 
while moving this InkJet head and the substrate 10 to each other, with the discharge 
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nozzle of the inkjet bead facing the aforementioned injection/transport layer 16. 

In addition, according to a spin coat method, a substrate 10 is, for example, 
loaded onto a stage, and a Surface reforming solvent is added thereto in a dropwise 
manner from above. Subsequently, the sub^dxate 10 is rotated to spread the surfoce 
reforming solvent over the entir e /jioi eigjgpti^n/transport layer 16 on the substrate 10. 
Furthermore, although the surface reforming solvent is temporarily spread over the ink' 
repellent orgaiuc substance bank layer 12b, this surface reforming solvent is blown 
aside by the centrifugal force'^the afi^rementioned rotation, and hence ends up coating 
only the aforementi6ned^olej^"ection/transport layer 16. 


Furtheimore^TEecoatiiig according to a dip method involves immersing a 
substrate 10 in a surfoce reforming solvent, and following removal, spreading 
surface reforming solvent over the entire hole inJectionAransport layer 16. In this case 
as well, the surface reforming solvent is temporarily spread over the ink repellent 
organic substance bank layer 12b, but falls away from the ink repellent organic 
substance bank layer 12b and removed from the surface reforming solvent.-^Ss a^e^^t, 
the surface reforming solvent ends up coating only the 
injection/transpoit layer 16. 

The surface reforming solvent used here may include compounds identical to 
the non-polar solvent of the ink composition, such as cyclohexylbenzene, 
dihydrobenzofuran, trimethylbenzene, tetramethylbenzene, and the surface reforming 
solvent such as toluene, xylene, and the like are preferable for the spin coat method and 
the dipping method. 

In particular, when performing the aforementioned coating according to an ink 
jet method, dihydrobenzofuran, trimethylbenzene, tetramethylbenzene. 
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cyclohexylenzene, a mixture of these compounds, especially the same solvent mixture 
used in the ink composition and the like are preferably used. In the case when 
performing the aforementioned coating according to a spin coating or dip method, 
toluene, xylene, and the like are preferably used. 

With regard to the drying process, in the case when the coating has been 
performed according to an ink jet method, it is preferable to perform the aforementioned 
tltyin yl^r^ loanQ ^ji ^ading the substrate 10 onto a hot plate and banting the 
aforementioned to a temperature of no greater than 200"C in order to dry the surface 
reforming solvent. On the other hand, in the case when the coating has been performed 
according to a spin coating or dip method, the surface refo rmin g solvent is preferably 
dn ^d'^y^S^Qij ^^ither blowing nitrogen onto the substrate 10, or by generating an air 
^uw onto the surface of the substrate 10 by rotating the aforementioned substrate. 

Moreover, it is also possible to perfonn the coating of the surface reforming 
solvent after the drying process of the aforementioned hole injection/transpmrtl^er 
formation process, and then conduct the heat tre ating proe'ess of 
injection/transport layer formation process after drying the coated surface lefoiming 


solvent. 


the aforementioned surface reforming process, the 


surfac^of the^ole injectU 


:anspprt4ayer 16 blends in easier with the non-polar 


solvent- In additio ^^y me^ ^of^e^^wscquent processes, it is possible to uniformly 
coat the ink composition containing the light emitting layer material onto the 
aforementioned hole injection/transport layer 16. 

Moreover, it is also possible to form an ultra thin hole transport layer onto the 
aforementioned hole injection/transport layer bS^^memnaiiejg^ rming an ink composition 
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by dissolving a commoniy uscd^ ^^e^jr^^ort layer material, such as arylamine-type 
compound and the like, in the aforementioned surface reforming solvent. The resultant 
ink Composition is then coated onto die/fiole' injectjun/uansport layer according to an 
inkjet method, and dried thereon. 

Although the majority of this hole transport layer is dissolved into the light 

emitting layer coated in a subsequent process, a small amount remains as a thin layer 

between the hole injcction/transport layer 16 and the light emitting layer. As a result, 

the energy barrier between the hole injection/transport layer 16 and the light emitting 

. . . 

layer is reduced, which in turn allows for easy movemcnt/of&e/h^e-aSd improve^^t- 
of light emitting efiSciency. 

In the subsequent light emitting layer formatioBmrocess, the ink compositions 
17a, 17b and 17c (not shown), ^ch ce mpriamg ^jpluttfcomponent, e.g., an organic 
electro-luminescent material or the like, and a solvent, are discharged according to the 
following sequence onto aij^^ole i^ectioriT^ansport layer 16 which has undergone 
surface reformationr“Eh5u^ and heat treatment of the aforementioned are then 
performed to sequentially form the light emitting layers 18a, 1 gc. 


The aforementioned organic electro-luminescent material may include 
fluorene-type high molecular wejghijJerivatives such as shown in chemical formula 1 to 
chemical formula Sy-^iiown 

Examples of the organic electro-luminescent materials include (poly)- 
paraphenylene-vinylene derivatives, polyphenylene derivatives, polyfluorene 
derivatives, polyvinyl carbazol, polythiophene derivatives, perylene-type pigments, 
coumario-type pigments, ihodamine-type pigments, as well as low molecular weight 
organic EL materials and large molecular weight EL materials that are soluble in other 
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pftiApihoayloo a ^ i jjiyltufLlLil ^ailoia, ^l>jjhLiijltiiie ^ iarivQ i tiv< i polyfu i oran * 

n«irglrTi^-TVi'>f ffl'imirTlTIU --' 

.I ■ ' ■ ’""I'l '"ri1acii1arwrigli t - > 

TIT TT' ^—i-'tc ighi EI> miit t g liln <kii t a r * wlub t* i M.oUici 

tcBzese dbd'vatives. Fbr example, it is possible ase rublene, poylene, 9,10-^pbenyl 
SQt&raccos tctrapbenyl butadiene, Nile Kcd, eoumanti d, cpiixiacridon^ and die like. 

Fuitbennode, in the fiiMmeal foimulai^'^ the chenical foimulai S, n nspreseots. 
the'degree of polymenzation. fin the checji^lffbmiiilh 1, n Ja In a range of 1,000 to 
£00,000, in die chemlcaMbn£)|^‘2rn is ina range of 1,000 la 500^ OOQ, in the ch emical 
j^birtniila 3, n is in a range of1,000 ID 500,000; in the Chemical fonnuln 4, n ranges 
1,000 m 500,000^ and in the chemica] faminla 3, n-iangcs 1|000 to 300, OO. In 
addlitioni in the chemical formula 3, A lepresents CHr, CJ3s and so on. 

[chemical fomiula 1] 



CsHi? CflHl 7 


[chemical fomiula'2] 



CaHi 7 CbHi? 


[chemical ibijntila 3] 



CeHi7 CsHn 
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[chemical fonnvla 4] 





As tbe 
lOlc uycc 


' n 

solvciil, it is preferable to use a coupouiid that is lasoluUc in 
the f ^KbleJnjcgtiutgtyanqpqiilayer 16, fbrcxamplc. cyclatie3cylbeiizcne» 
■in^ ydrobenavofiiran. triisetbylbenzene, tetramethylbenzene, and the like. 

the nm^poler solvent in ibe ink eompoeitien of die 
light emitting layer, it is possible to coat the ink compositioo 'widunil re-dissalving the 
hole injection/transport layer 16. 

I^irihciniorc, as the solute oomponeot, beside the oiganic cleciiO'hiiiiiiiescent 


material, it is also possible to include an appropriate amount of a binder, such as a 


sur&ce active agent, a tUck^er and the like. 






As shown in Fig. 4, an ink composition 17a is « 9 scbaTged.onio a^ 
injcctionAransport layer 16J 


ling the ink composition 17a into au ink 
head 14 and then dischaigiiig this ink composition, tite liquid amount per droplet of 
which is controlled, fiom a discharge nozzle while moving both ttds inkjet head 14 and 
substrata 10 with respeetjo each other, -witb^^e discharge uoazle of the inkjet bead 14 


^ciikg 'tbe aforcmmdoDCd 
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/ Cs)~^-*>’2r^'' ''7°^ -wwTiVJ^Vl .r''^ NV 

organic substance bank layer 12b, it falls away and flows onto thefnole 
injection/transport layer 16. In this manner, it is possible to form a layer of the ink 


composition 17a which is tightly adherent to the hole injection/transport layer 16. 

The amount of the ink composition 17a is determined based on the thir.lfnA^^^ Of 
the light emitting layer 1 Sa to be formed, the concentration of the light emitting layer 
material within the ink composition, and the like. 

In addition, the discharge of the ink composition 17a 
injectionAransport layer 16 may be performed with the dioprwise addition of the ink 
composition 17a divided over several cycles instead of dischargiDg ail at once. In such 
a case, the droplet amotmt of the ink composition 17a may be identical each timp or 



alternatively may vary with each cycle. Furthermore, instead of being discharged to the 
same location on the hole iiu’ection/transport layer 16 each time, the ink compositi^ 
17a droplets may also be discharged arranging different locations witlpn the/fi^e^^^ 
injection/transport layer 16. 

Subsequently, a light emitting layer 18a is formed, as shown in Fig. 5, by 
Idng the discharged ink composition 17a, and evaporating the polar solvent 
Contained in the ink composition 17a. 



The drying process, for example, may be performed at room temperature under 
a pressure of approximately 133,3Pa (1 Torr) in nitrogen atmosphere for 5 — 10 minutes, 
or by spraying^upmgen ther^ at 40“C for 5 - 10 minutes. 

ler mcn^ fojjpefformmg the aibrementioned drying may include, for 
example, a far infrared irradiation method, a higfr-temperature nitrogen gas spraying 
method, and the like. 

Subsequently, as shown in Fig. 6, a second light emitting ^yer 18b/is fb: 
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i»em9-g£ ^x)p'wise addition and drying of an ink composition 17b, in the same 
manner as with the aforementioned ink composition 17a. Thereafter, a third light 
emitting layer 18c is formed in a similar mannermpwi sp addition and 
drying of an ink composition 17c, as shown in Fig. 7, to yield a substrate having three 
types of light emitting layers 18a, 18b, and 18c formed thereon. 

Here, the formation sequence of the aforementioned three types of light 
emitting layers 18a, 18b, and 18c is determined in the following manner. 

First, in the case when the number of organic electroluminescent materials is 
different, the formation science starts with me layer comprising the fewest^irganic 
electro-luminescent materials/. If a lig^t'dmitting laymr'e eaprif i^ a colgctemng a 


large number of components is Ibnx^d'ftf^ t h e r e citiot D^thojpar^f phase s^a ^tion/5u e__ 
to re-dissoIution of the initially formeJligSTranitting layer, by the solvent vapoi^-^.,^^ 
evaporated from the ink composition of a light emitting layer adiffer eat^ 

color, which has been formed later. 

In addi^n, in the case^hen the number of organic electro-luminescent 
matenals c ^mp rioirig thej[ g;yedtivc ink compositions is identical, the afoi^entioned 
formation sequence starts with the ink composition the‘..a r jriif(t c. electro¬ 

luminescent materials that are most difficult to phase separate. The degree of difficulty 




for phase separation may be determined b) 


; the ink compositions to be 


compared under identical drying conditions, and comparing the degree of phase 
separation of the resultant light emitting layers. At this time, the aforementioned 
identical diymg conditions may include natural retention, drying by heating, and 
drying under reduced pressure, and the natural retention is preferably selected. 

The degree of phase separation may be determined by the amount of li ght of a 
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wavelength obtained at the time of complete phase separation that remains in the light 
enutting spectrum of the resultant light emitting layer. In addition, it is also possible to 
determine the degree of phase separation by the proportion of light of a wavelength 
resulting when complete phase separation does not occur, in the light emitting spectrum 
of the resultant light emitting layer. 

In the cathode formation process, a cathode 19 is formed over the entire 
surfaces of the light emitting layers 18a, 18b, 18c, and organic subs^ce bank layer 

12b. This cathode 19 may be formed by l aminatin g a plurality of materials. 

/ 

For exaijqfle^^is preferable to use a material such as Ca and Ba, whose work 
function is low, layer close to the light emitting layer, and sometimes it is 

more preferable to form a thin LiF layer as an tmderlayer, depending on the nature of 
the layer material formed on the light emitting layer. In addition, the cathode upper 
layer (sealing side) is preferably formed by materials such as an A1 layer, an Ag layer, a 
hdg/Ag layer and the like, which have a larger work function than that of the lower 
layer. The thickness of the upper cathode layer is preferably within a range of 100 to 
1,000 nm, and more preferably, within a range of200 to 500 nm 

The aforementioned cathode layer is preferably foips€d by mesin 5 "W^^fop 
example, an evaporation method, spattering method, CVD'metiiod'S^'ffielike. In 
particular, formation according to an evaporation method is preferable from the point of 
view of preventing the light emitting layers 18a, 1^^ a^ 18c from being damaged by 
heat. 

In addition, it is also possible to form the lithium fluori( 
light emitting layers 18a, 18c, or alternatively only on 

emitting layer. In such as case, the cathode upper layer formed fixnn calci 
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other light emitting layers. 

In addi^on, it is also possible to provide a protective layer comprising SiO, 
SiOi, SiN, or die lik^^nto the Cathode layer to prevent from oxidation. 

„ ^ , X sealing layer 20 is formed by-tneanaaifj^atiiie 

a sealine aeent''^OfnpriGt£g a_t}iMi^setting resin or ultraviolet ligl rt cur ed resin onto the 
entire surface of the cathode 19. Furthermore, a subsfratETr! Jfnot shovm in 



the then laminated onto the sealing layer 

This sealing process is preferably conducted in the environment of an inactive 
gas, such as nitrogen, argon, helium, or the like. In the case when performing the 
aforementioned sealing process in air and a as pin hole or the likg^ 

generated in the cathode layentholo exists the fiiai^^U^^^ter, oxygen, and the ^te Ainlf^ 
penetrate into the cathode 19 fesogh the aforementioned defect, resulting in the 
undesirable oxidation of the cathode 19. 

In this manner, an orgamc electro 7 liiimnescent device shown in Fig. 8 is 
obtained. 

According to the present eml^pdiment, the discharge formation of a layer of the 
mk compositjojif CQmpEia^g a gr ]^teHiTOibt^-^^;.prganic materials is performed after 
that of the ink composition wnt^nsi^Tews 
addition, in the case ydien the ink compositfons 
electro-luminescent materials, this discharge foimatton of a layer is performed in a 
discharge sequence, starting with the ink composition comprising the orgamc electro¬ 
luminescent materials that are most difticult to phase separate. As a result, it is possible 
to prevent the phase separation occurring due to re-dissolution after the discharge 
formation of a layer. Accordingly, an organic electro-luminescent device having 




electroduoiiinescent materials. In 
is number of organic 
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superior display properties can be reliably manufactured. 

In the following, the electronic equipment comprising the organic electro¬ 
luminescent device manufactured according to the aforementioned embodiment will be 
described using concrete examples. 

Fig. lOA is a perspective view showing an example of a portable telephone. In 
Fig. lOA, reference numeral 600 denotes a main body 6Qp of the portable telephone, 
and 601 denotes a display umt 601 ^iom pntSlSg an o ^gartfe electro-luminescent dev ^55^ ^ 




Fig. 1 OB is a perspective view showing an example of a portable information 
processing apparatus, e.g., word processor, personal computer, or the like. Fig. lOB 
shows an information processing apparatus 700, an input unit as a keyboard or 

the like, the main body 703 of the information processing apparatus, and an organic 
electro-luminescent device as a displ ay unh 702. 

Fig. lolC is an et dwffie . y iew sbowtog an example of an electronic wristwatch. 


In Fig. IOC, the main body 800 of the watch, and an organic electro-luminescent device 
as a display unit 801 are shown. 

According to the present embodiment, it is possible to provide electronic 
equipment that is equipped with a display ^Tpamtus possessing superior display 
properties. 


Examples 

The organic electro-luminescent devices of the Examples and Comparative 
Examples were manufactured according to the above-described embodiments. The 
concrete manufacturing conditions are described below. The conditions are common to 
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all of the Examples and Comparative Example except the formation sequence for 
manufacturing the light emitting layer. 

Bank Formation Process 

A bank layer was formed so as to be opened on the transparent pixel electrode 
made of ITO. Since the transparent electrode was formed in a matrix form having a 
pitch of 70.5 micron meter, the bank layer was also formed in a matrix fo(nn having a 
pitch of 70.5 micron meter. The bank layer (bank) was formed by laminating inorganic 
bank layers made of SiOa and organic substance bank layers made of polyimide. 
layer was formed on the etched layer formed by photolithographic technique. Circular 
opemngs were made for the bank layers and the opening for the organic substance bank 
layer was formed in a diameter of 28 micron meter and the opening for the inorganic 
bank layer was formed in a diameter of 44 micron meter. The organic substance bank 
layer was formed at a height of 2 micron meter and the inorganic bank layer was formed 
at a height of 150 mn. 

Plasma Treatment Process 

An O 2 plasma treatment was performed as a process for impar ting ink affinit y, 
This O 2 plasma treatment was conducted under the conditions of room ^perature, 
atmospheric pressure, a power of 300W, an electrode-substrate distance of 1 mm, an 
oxygen gas flow amount of 100 cc/min, a helium gas flow amount of 10 l/min, and a 
table transfer rate of 10 mm/s. Subsequently, a CF 4 plasma treatment was perfoimed as 
a process for imparting ink repellent properties. This CF 4 plasma treatment was 
conducted under the conditions of a CF 4 gas flow amount of 100 cc/min, a gas 
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flow amount of 101/inin, and a table transfer rate of 3 mm/s. 


Hole Injection/Transport Layer Formation Process 

An, ink composition (a mixtut'e of “Baytron P” manu&ctured by Bayer AG and 
a polystyrene sulfonate) for ^e in a^t/nole injjetfon/transport layer shown in Table 1 
was discharged firom the head* of alTlSk jet printer (MJ-9300 manufactured by Epson) at 
15 pi to fonn a pattern coat. The solvent was then removed at room, temperafuteund^a 
vacuum (1 Torr) for 20 minutes. The same ink composition for use in a^^ 
injectoon/transport layer was then discharged at 15 pi to form a pxattemcoat. After 
removing the solvent at room temperature under a vacuum (1 Torr) for 20 minutes, a 
heat treatment was performed in air atmosphere at 200“C (on a hot plate) for 10 mix nit es 
to form an hole injection/tiunsport layer. 
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Table 1; Ink Composition for Hole Injection/Tran^ort Layer 


Composition 

Material name 

Composition 

(wt%) 

hole injection/ transport layer 
materials 

Bytron P 

11.08 


Polystyrene sulfonate 

1.44 

Polar solvents 

Isopropyl alcohol 

10 


N-methyl pyrolidone 

27.48 


1 ,3-dimethyl-2- 
imidazolidone 

50 


Surface Refomting Process 

I»2,3.4-tetr^ethyI benzene was discharged from an inkjet printer (MJ-930C 
manufactured by Epson) to form a coat. Subsequently, the aforementioned was placed 
on a hot plate that was heated to a temperature below 200*C and dried. 

Light emitting layer Formation Process 

The ink compositions shown in Tables 2 to 4 were prepared. Table 2 shows an 
mk composition (green) for a light emitting layer. Table 3 shows an ink composition 
(blue) for a light emitting layer; and Table 4 shows an ink composition (red) for a li ght 
emitting layer. Furthcamore, compounds 1, 2,4, and 5 in the Tables are respectively 
described above in Chemical Formula 1 to 5, 
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Table 2: Ink Composition (Green) for a Light emitting layer 


Composition 

Material name 

Composition 

weight 

Light emitting layer 
Materials 

Compound 1 

0.76 g 


Compound 2 

0.20 g 


Compound 4 

0.04 g 

Solvent 

1,2^,4-tetramethyl benzene 

100 ml 


Table 3: Ink Composition (Blue) for a Light emitting layer 


Composition 

Material name 

Composition 

weight 

Light emitting layer 

Mateiial 

Compoimd 1 

1.00 g 

Solvent 

1^,3,4-tetramethyl benzene 

100 ml 


Table 4; Ink Composition (Red) for a Light emitting layer 


Composition 

Material name 

Composition 
weight . 

Light emitting layer 
Materials 

Compound 1 

0.7 g 


Compound 2 

0.2 g 


Compound 5 

0.1 g 

Solvent 

1^,3,4-tetramethyl benzene 

100 ml 
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Example 1 

Initially, a blue light emitting layer was prepai ^^ raeano o^d^-harg in g the 
ink composition (blue) for a light emitting layer comprising a concentration of 1% 
(wt/vol) shown in Table 3, from an inkjet printer (MJ-930C manu^mired by Epson) by 
20 pi under an N 2 gas flow, and then drying under the conditions of 25“C and 1 atm. 

Subsequently, a green light emitting layer was prepared ^ 

discharging the ink composition (green) for a light emitting loy''M‘j*iTTnpri nfTT>f a — — 
concentration of 1% (wt/vol) shown in Table 2, into a neighboring opening 13 at 20 pi 
under an N 2 gas flow, and then drying under the conditions of 25“C and 1 atm 


Example 2 


Initially, a blue light emitting layer was prepared^SY^ eaim ^-dfjsnbarg in g the 
ink composition (blue) for a light emitting lay^cOH^wiSg^a^gOiiedntoation of 1% 
(wt/vol) shoAvn in Table 3, from an inkjet printer (MJ-930C manufactured by Epson) at 
20 pi under an Nj gas flow, and then drying under the conditions of 25“C and 1 atm. 

Subsequently, a red light emitting layer was prgpared ^ri n at ui e ^f ji^barging 
the ink composition (red) for a light emitting lay^ a of 1% 

(wi/vol) shown in T^le 4, into a neighboring opening 13 at 20 pi under an N 2 gas flow. 


and then drying under the conditions of 25‘’C and 1 atm 

Thereafter, a green light emitting layer was prepared i 
the ink composition (green) for a light emitting layer 


y^cbarging 
Ltionof 1% 
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(vi^vol) shown in Table 2 , into a neighboring opening 13 at 20 pi under an N 2 gas flow, 
and then drying under the conditions of 25“C and 1 atm. 


Comparative Example 1 

Initially, a green light emitting layer was preDared/Bv ^eiBcgrfjjkchargiTig the 
ink composition (green) for a light emitting layer ntficj^nfi^ntion of 1% 

(wtA^ol) shown in Table 2, &om an inkjet printer (MJ-930C manufactured by Epson) at 
20 pi under an Nj gas flow, and then drying under the conditions of 25"C and 1 atm 

Subsequently, a blue light emitting layer was prepared byiaea Ba-pf 
the ink composition (blue) for a light emitting laye^^c wntiriji i tf ^ a cQ p«»erf^tirtn of 1% 
(wt/vol) shown in Table 3, into a neighboring opening 13 at 20 pi under an N 2 gas flow, 
and then drying under the conditions of 25®C and 1 atm. 


Cathode Formation Process 

After forming a LiF layer having a thickness of 2 mn by a vapor deposition 
method as the cathode layer, a calcium layer having a thickness of 20 nm was formed by 
a vapor deposition method. An aluminum layer of200 nm was then formed as the 
cathode layer by a spattering method. 



epoxy resin onto the-entire surtece of the cathode. Furthermore, a substrate for use in 


sealing was laminated onto the aforementioned sealing layer to prepare the organic 
electro-luminescent device according to the Examples and Comparative Example. 
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Evaluatioii 

The light emitting spectrums of the green light emitting layers of the organic 
electro-liimmessisJjt"device a£e^rding to the Comparative Example and Example 1 are 
shp^ in pig. shojyndn Fig. 9A, a blue luminescent (430 nm) originated from the 
remained in the green light emitting layer of the Comparative Example 
showed a spotty luminescent exhibiting color of light blue. 

In contrast, as shown in Fig. 9B, the green light emitting layer of Example 1 
displayed a green fluorescent luminescent (530 mn) having an approximately unifoim 
spectrum. 

In addition, the blue light emitting layers of the Comparative Example and 
Example 1 both displayed a unifoim spectrum of blue luminescent (430 nm) originated 
by the compound 1. 

Hence, the formation efficiency of forming the light emitting layers in the order 
startup with the layers having the fewest number of organic electrO'luminescent 
materials was confirmed fix>m the aforementioned. 

In addition, the blue light emitting layer (430 nm), red fight emitting layer (640 
nm), and green light emitting layer (530 nm) of the organic electro-luminescent device 
according to Example 2 each showed a uniform spectrum. 

Both the ink compositions of the (red) light emitting layer and (green) 
emitting lay^ co mr i ri u^h hiee -er^amc electro-luminescent mq tarials^ho'w gyeti'TrpQn 
comparing the difiSculty of phase separation of these ink compositions under the 
conditions of N 2 flow, the ink composition of the (red) light emitting layer was found to 
be more difficult to phase separate. 
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Hence, in the case when the ink compositions gon;iprite an number of 

</b 

oi^amc electro-luminescent m^erials/fuie efiBcienta*^^ffonning the light emitting 
layers in the order starting with the layer that is the most difficult to phase separate was 
confinned from the aforementioned. 

As described above, according to the method for manufacturing an organic 
electro-luminescent device of the present invention, it is possible to manuiacture an 
organic electro-luminescent device having superior display properties in which phBfy 
separation due to re-dissolution aAer completion of forming layer can be prevented. 


^addition, the organic^clectro-luminesceijt device according to the present 

jT- - ^*'*^‘***^^ 

mveimon comprio^a unifiinnjj^t emitting layer(s) and also exhibits superior display 


properties. 

In addition,-the present invention provides the electronic equipment which is 
capable of having superior display properties. 
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